Background: Community-based conservation (CBC) promotes the idea that long-term conservation success requires engaging with, and providing benefits for local communities. Though widespread, CBC projects are not always successful or free of controversy. With criticisms on all sides of the conservation debates, it is critical to have a better understanding of (1) whether CBC is an effective conservation tool, and (2) of the factors associated with the success or failure of CBC projects, and the scale at which these factors operate. Recent CBC reviews have typically examined only a single resource domain, have limited geographic scope, consider only one outcome, or ignore the nested nature of socioecological systems. To remedy these issues, we use a newly coded global comparative database of CBC projects identified by systematic review to evaluate success in four outcome domains (attitudes, behaviors, ecological, economic) and explore synergies and tradeoffs among these outcomes. We test hypotheses about how features of the national context (H-NC), project design (H-PD), and local community characteristics (H-CC) affect these four measures of success.
Background
Conservation practitioners continue to seek viable alternatives to strict protectionism, and it is increasingly argued that projects must achieve not only ecological but also economic, and social goals [1] . Since the 1980s, conservation efforts in developing countries have generally tried to incorporate the interests and views of local people, an approach often referred to as communitybased conservation (CBC) [2] . A variety of approaches fall under the umbrella of CBC; each diverse in their details [3] . What unites these approaches, however, is that they typically aim to combine elements that link conservation with development, engage local communities as active stakeholders, and/or devolve control over natural resources. The shared rationale is that promoting socio-economic benefits, either directly or by compensating the costs associated with conservation, is important in both its own right, and as a key strategy for slowing deforestation and protecting endangered habitats and species.
Contemporary CBC nevertheless faces criticism on several fronts. Communities are often idealized as harmonious units [4] , decentralization initiatives stall in their implementation because centralized governments are unwilling to cede power [5, 6] , and marketbased approaches to community-based natural resource management [7] are challenged for assuming that resource commercialization is compatible with conservation goals [8] . Some conservationists anticipate sharp tradeoffs between conservation and economic development and fear that delegitimizing conservation as a priority will further water down already limited funds [9] .
With such controversies unresolved, and a strong need to make more effective use of the billions of dollars devoted to CBC efforts globally [10] , we need a better understanding of the factors associated with the success and failure of conservation projects, and the scale at which these factors operate. There are many arguments in the literature about how to improve the practice of conservation [11] . Here, we directly test some of these arguments using a large comparative database of CBC projects identified with a systematic literature review. We use a multi-level design and model-fitting approach to evaluate CBC success in four outcomes (attitudinal, behavioral, ecological, economic) by testing a series of hypotheses about how features of the national context (H-NC), project design (H-PD), and community-level characteristics (H-CC) affect measures of success. We also explore the evidence that synergies between pairs of outcomes may be more common than anticipated.
Insights from previous reviews
Despite the prominence of CBC strategies, and strong arguments for and against their effectiveness [12] , there have been few quantitative, comparative evaluations of CBC successes and failures. Two previous systematic reviews have studied the determinants of conservation success, focusing on the use of development as a conservation tool [13] and the effect of local cultural context and project engagement with local culture [14] . These reviews provide valuable insights into determinants of conservation success and the use of systematic reviews to understand CBC project outcomes. Although these studies focused on various aspects of project design and local context, they did not consider the influence of the broader socio-political institutional framework, such as quality of governance, economic inequality, or development progress and they had somewhat limited sample sizes.
Several other qualitative [15] [16] [17] and quantitative [18] [19] [20] [21] [22] [23] [24] studies have been conducted on CBC or closely related topics. These studies suggest that a number of factors can be associated with project success and failure, including leadership, strong local institutions, local participation, capacity building, secure rights to land and resources, and provision and equitable distribution of economic benefits. Nevertheless most of these studies (a) examine only a single resource domain (e.g. forestry), (b) have limited geographic scope, (c) consider only one outcome (e.g. ecological success or economic success), and/or (d) ignore the nested nature of socio-ecological systems [25] . Nested analyses are particularly important because evidence from recent studies [23, 26, 27] suggests that national governance institutions, corruption, and standards of living can influence project outcomes. In fact, Tallis et al. [22] explicitly call for such a review to examine the trend that projects are successful in countries with effective government [28] . Therefore, this study was motivated by a desire to assess the effect of non-local factors on conservation projects in addition to the goal of increasing the sample size from previous reviews for a more robust statistical analysis.
Our work is influenced by the systematic comparative work undertaken by the Workshop in Political Theory and Policy Analysis at Indiana University led by Elinor Ostrom as well as by efforts to systematically examine the effectiveness of different environmental management and policy initiatives through the Centre for Evidence Based Conservation [29] . Ostrom and her colleagues argue for the need to collect standardized data with which to examine the success of common property institutions (CPIs) and linked socioecological systems (SESs) [25, 30] . This work has produced some remarkable comparative articles [31] [32] [33] , and influenced much other work, including some of the hypotheses introduced in Brooks et al. [13] .
Of particular relevance to this study is Ostrom's introduction of the framework of decomposable systems and nested structures as a tool for analyzing CPIs and SESs [25, 34] . Our goal here is to employ this framework to understand the interaction between multiple factors and across multiple scales for existing programs devoted to linking conservation and development. Useful initial advances in this area (see [21, 35, 36] ) suggest the utility of this approach, highlighting various sets of biophysical, social, economic and institutional considerations to be important in different contexts. We believe that it is now important to analyze more precisely the context itself, in particular the external socio-political contextsuch as measures of development progress, income inequality, and the effectiveness of state-level institutions -within which a natural resource management scheme exists.
The 136 CBC projects in our sample focus on conservation challenges in managing forests, grasslands, wildlife, and fisheries in 40 countries, and are nested within national socio-economic and political contexts. As in the previous systematic reviews [13, 14] , we used four measures of success in the analyses (attitudinal, behavioral, ecological, economic). We use these four outcomes measures because many of the debates in conservation are a result of an interest in different outcomes [37] [38] [39] reflecting the multiple goals inherent to CBC: for more explanation of these domains and the relationships between them see the description of outcome variables below and [18] .
We also want to note that this study contains several features that may not be typical for systematic reviews including the objective of testing multiple hypotheses, the use of secondary, national-level data, and a targeted search in a digital library. We describe each of these features below and justify their inclusion in the study.
Objectives and hypotheses

Objectives
We have four objectives for this review. The primary objective is to examine the overall effectiveness of community-based conservation. The second and third objectives build on the primary objective by exploring the factors that might affect CBC success. For these two objectives, we test a number of hypotheses about how aspects of national context, project design, and community characteristics relate to multiple project outcomes to understand when and in what contexts CBC is likely to succeed. As such, we also present nine hypotheses for objectives two and three in the next section. Because of the scope of this study, the number of hypotheses tested, and corresponding large number of variables used in the analysis, this section of the study should be viewed as a test of broad hypotheses that can provide insights to generate additional research questions and hypotheses and point to avenues for future research. Our final objective is to determine how well our coding matches the intent of the authors of the articles from which we extracted our data.
Objective 1. Is community-based conservation an effective conservation tool? The overarching question for this review is whether and to what degree CBC is effective as a strategy for solving diverse and multi-dimensional conservation problems. With this objective, we are building on previous systematic reviews [13, 14] by using a larger sample size. Objective 2. Which aspects, if any, of national socioeconomic and political contexts affect the outcomes of local-level CBC projects? Using studies that provide information on at least two of the four outcome variables, we will assess the role of national socio-political context on the outcomes of community-based conservation projects. We are explicitly operationalizing the insights of Ostrom [25] , and others [40] , by examining how the success of different natural resource management strategies is both facilitated and constrained by aspects of the national socio-economic and political contexts in which these strategies are implemented. Objective 3. Which aspects, if any, of project design and community characteristics affect the outcome of CBC projects? Using studies that provide information on at least two of the four outcome variables, we will expand the dataset built through the previous reviews [13, 14] to note the growth in the evidence base and determine whether the results of these reviews (pertaining to local cultural context, market incursion, local participation, and access to resources) are refuted or more strongly supported. In doing so, we will examine which aspects of project design and community characteristics are associated with successful outcomes Objective 4: Coding validity
The process of conducting an analytical systematic review by coding for variables in the literature is assumed to be valid. It is possible, however, that the way researchers code information about projects differs from the way the authors of project reports and articles intend their information to be interpreted. In this study, we asked the corresponding author of each article to respond to a questionnaire composed of subset of our coding sheet. Although we distributed the questionnaire primarily for the purpose of filling in missing values in the dataset, we used the opportunity to examine how well our coding matched the authors' responses to the questionnaire as a way of testing the validity of our coding. This test is an initial step at examining the ability of coders to accurately extract information from project reports and articles for the purposes of a systematic review.
Hypotheses for objectives 2 and 3
Conservation typically requires restraint in current resource use to obtain long-term benefits from the resource base. Therefore, conservation behavior requires individuals to absorb short-term costs and potentially share benefits with a larger number of people. As such, conservation creates a collective action problem [41] whereby individuals are reluctant to cooperate by forgoing resource use without assurances that others will do the same. Deductive theory [17, 42] and inductive observations [43] , provide insights into the conditions that both favor and disfavor the adoption of conservation behavior. From these insights, we predict that projects that contain the sets of factors described below will be more likely to succeed in all outcomes. The hypotheses that we are testing are derived from the theoretical perspectives on conservation behavior and common pool resource management noted above as well as from a careful reading of the CBC literature and the outcomes of previous CBC reviews and summaries [14, 15, 18, 19, 22, 44] . The variables listed in brackets after each hypothesis (as italicized text within parenthases) are described more fully in Table 1 and summary statistics are provided in Table 2 . Note that conceptually similar variables were combined for the multivariate analysis. For more discussion of why variables were combined prior to the multivariate analysis see section 3.9.2 -Multivariate analysis.
In the text below, where a combined variable was used for the multivariate analysis, its name is presented within square brackets preceding the relevant separate variables.
National context (H-NC)
As noted above, conservation is akin to other forms of cooperation and faces similar obstacles. As such, conservation attitudes and behaviors require conditions of trust [27, 45] . The degree of stability, transparency, and accountability of national-level governance institutions might influence project outcomes by affecting confidence in local-level institutions and governance [26] . Despite the push for decentralization, well-functioning central governments may also be necessary to counteract the patronage that may exist, or can potentially arise, in rural communities [46] . Conservation efforts often restrict access to, or use of, natural resources. In societies with low or highly unequal standards of living these restrictions may be unpopular and full conformity may not be possible. In addition, low standards of living and low access to education and healthcare may also limit conservation efforts because individuals in such conditions are more likely to value immediate benefits from resources more than anticipated future benefits [47] .
Hypothesis 2: NC2 -National socioeconomic context:
Success is more likely when projects are implemented in countries with a higher 
PD-Participation
Combines PD-Impetus (whether impetus for project came from the community), PD-Establishment (level of community involvement in project establishment, and PD-Decision-making (level of community involvement in daily project decision-making. All coded as: no community=1, some community =2, joint or complete community involvement=3. Participation is sum of the three, three categories: low (3,4), moderate (5,6), high (7-9).
PD-Engagement
Combines PD-Approach local culture (whether the project engaged with local cultural traditions and beliefs), and PD-Approach local institutions (whether the project engaged with local institutions and/or leaders). 
PD-Economic benefits
Economic/development benefits provided by project and type of resource use iv . Four categories: ecotourism (indirect use of targeted species/habitat), CBC (community efforts to minimize resource use), compensation/ substitution (prohibition or minimized use of targeted resource but other benefits provided), enhancement (increasing marketable use of the targeted resource).
PD-Equity
Combines PD-Equitable distribution (are benefits produced by the project equitably distributed), 
Project design (H-PD)
The design of projects can affect incentives to participate in conservation as well as the payoffs associated with foregoing resource use by determining who drafts project rules, what and how many benefits are provided and to whom, and the degree to which access to and use of resources is permitted. We broadly categorize these characteristics along the four dimensions of decentralization, utilization, effective benefit provision, and investment in human/social capital. We derive hypotheses for each of these dimensions below.
A large body of literature suggests that devolving decision-making and control to local communities can be beneficial from a conservation perspective [48] . Local bodies are thought to be more responsive to local conditions, have more detailed knowledge of resource dynamics, and have more incentive to harvest resources sustainably because they tend to feel more secure in their access to future benefits and thus discount future returns less than outsiders [48] . Similarly, by engaging with local cultural traditions and leaders projects may encourage greater local participation and insight and decrease the likelihood of failure due to cultural insensitivity [49] . 
Controls
CTR-Ecoregion status
Status of ecoregion(s) in project area [107] . When multiple exist only lowest status value is coded, three categories: critically endangered, vulnerable, relatively stable
CTR-Author discipline
Affiliation of first author, four categories: biological sciences, social sciences, interdisciplinary science or department, employed by an NGO
CTR-Years project running
Number of years the project has been running. Year of project initiation was subtracted from the year research for the project was conducted vi . 
Monitoring and Outcomes
Policy implementation
Whether supportive land/resource rights policies were actually implemented: yes, no
Government involvement
Whether the national government is involved in project decision-making: yes, no
Government support
Whether the national government financially supports the project: yes/no
External involvement
Whether an NGO is involved in project decisionmaking or supports project decision-making, three ii. Created a single value using the first factor score from a principal components analysis of the scores.
iii. See Dudley [121] for a description of IUCN protected area rankings and criteria. iv. adapted from Abbott et al. [59] . v. modified from Oldekop et al. [95] . vi. When studies did not report the year that their research was initiated, this value was approximated. We calculated the mean value for the number of years between the initiation of research and the publication year for all studies in the sample and then subtracted this value from the year that study was published. vii these variables were not included in the analysis because there was a lack of information provided by the articles in our sample. The right-most column describes those variables that are conceptually similar and were combined for the multivariate analysis to reduce the number of predictors.
Hypothesis 3: PD1 -Participation/Engagement: Success is more likely when there is more emphasis on participation in initiation, establishment, and day-to-day running of the project, and when the project engages positively with local governance institutions and with local cultural beliefs, practices and traditions. [PD-Participation (combined PD-Impetus, PD-Establishment, and PD-Decision-making), PD- The evidence and arguments that resource utilization can be an effective conservation tool are less straightforward. While protectionism can sometimes result in ecological success [50] , access to resources may produce economic and other benefits, which provides communities with an incentive to extract resources sustainably [51] . In addition, restricting or prohibiting access to resources, or providing insufficient compensation for the costs associated with the loss of access, may engender resentment [52] and subsequent biodiversity loss [53] . Our hypothesis is based on the latter logic. Linking resource use directly to performance payments [54] , or providing alternative livelihoods [47] , are examples of economic benefits that can lead to reduced harvests. The success of CBC projects may, therefore, depend on benefits provided through income from sales and wage labor opportunities, development infrastructure, or direct compensation. Because elite capture of benefits has been found to be a core obstacle to effective decentralization of resource management [55] [56] [57] economic benefits must also be equitably distributed among community members, with no capture of benefits by community elites. Investing in human and social capital (including environmental education) in local communities may facilitate positive outcomes by lowering the costs associated with developing and enforcing local rules about resources use -referred to as transaction costs -and strengthening the ability of community members to coordinate [58] . Communities with greater capacity, knowledge, and social cohesion, are expected to have an easier time cooperating to manage resources because greater trust has developed [43, 59] . For example, one study of enterprise-based projects found that training locals as managers and using community policing was a better predictor of project success than economic returns [60] . 
Community characteristics (H-CC)
Finally, characteristics of local communities might affect the likelihood of achieving collective action for conservation. Integration with local and global markets, threats from outside markets, community institutions, and population size and heterogeneity may be particularly important [43, 61] . Logic from neoliberal economics suggests that market integration enables rural communities to benefit from sustainably utilizing, protecting, and conserving their resources [7] . Market integration can provide substitutes for locally harvested resources [47] , add value to local products [62] , and/or provide external wage labor opportunities that result in decreased pressure on local resources for subsistence needs [47] . On the other hand, market integration can potentially increase pressure on vulnerable resources and habitats through opportunities for market sales and rising prices, which can create incentives for higher rates of extraction [63] . An additional problem is that new roads that often accompany or facilitate market integration can attract migrants and put even more pressure on local resources [64] . Our hypothesis is based on the view that success is most likely in communities that are market integrated. Strong community institutions can either incentivize or constrain the behavior of resource users [48] and effective local governance and charismatic leadership can inspire trust that these institutions will function as intended [23] . Clearly-defined rights for excluding outsiders and managing resources are also important because communities with these rules provide the security that rights over future harvests are protected [31, 65] . Secure tenure over land and resources gives communities more buy-in, facilitates cooperation among users, enables greater flexibility in rules, and can result in communities valuing delayed returns to resources, all of which can contribute to good outcomes [15, 17, 31] . Finally, when community members are familiar with preexisting compatible institutions [66] , one can expect more compliance and a higher likelihood of positive outcomes. Finally, both community size and heterogeneity can affect project success [43] . There is no consensus regarding the relationship between population size and successful community resource management with theory and empirical studies suggesting that there may be a positive linear relationship [67, 68] , a negative linear relationship [32, 69] or an inverted U-shaped relationship [70] . In the latter case, the expectation is that small populations are unable to absorb the costs of coordinating to develop and enforce management institutions whereas large populations suffer prohibitively high costs of such coordination [71] . We use as our hypothesis the prediction of a U-shaped relationship, which is supported by empirical research [70] . CBC outcomes also depend on the degree of community heterogeneity and whether that heterogeneity is economic, socioeconomic, or political [72] . Similar to the uncertainty about the effects of group size on collective action, there is conflicting evidence about the effects of heterogeneity on community resource management outcomes [73, 74] . Here we make the simplest and most general prediction that socioeconomic heterogeneity has negative effects on outcome success [72, 75] . We also controlled for the length of time the project has been running (CTR-Yrs. running), the first author's disciplinary background and affiliation (CTR-Auth discipline), and the status of the ecoregion in which the project was conducted (CTR-Ecoregion status).
Methods
Search strategy
The protocol for this systematic review (CEE-09-021) can be found at the following URL: http://www. environmentalevidence.org/SR82.html and the final coding protocol can be found in Additional file 1: Appendix A. The initial set of 62 projects in this study was taken from previous systematic reviews conducted by Brooks et al. [13] and Waylen et al. [14] . Six projects from Waylen et al. [22] were not included in this review because they were covered by more recent studies identified by the current search. JSB and KAW collected all articles used in the previous systematic reviews.
We expanded this initial sample by searching the publication databases ISI Web of Science, Anthropology Plus, and JSTOR, and by subsequently examining the first 500 hits for each search term on Google Scholar. We searched these databases for the years 2007 (when Waylen et al. [14] ended their search) to August 2009 (when the current review began). JSB conducted all new searches for the study, scanned all titles and abstracts and, where appropriate, completed the full text review. In cases of uncertainty, JSB sent a copy of the article to KAW for review and consultation.
All searches were conducted in English using the search terms listed below. Each search term phrase was used individually:
-community based conservation (including variants community-based conservation, "community based conservation", "community-based conservation") -integrated conservation and development (including variant "integrated conservation and development") -ICDP -CBC -community conservation (including variant "community conservation") -community based natural resource management (including variants community-based natural resource management, "community based natural resource management", "community-based natural resource management)
Specialist search
A secondary search to find additional projects from each country already included in our sample was also conducted. This secondary search was conducted because we required as many cases as possible per country to investigate the effect of national predictors. The search was conducted using the digital library compiled by Advancing Conservation in a Social Context (ACSC) [76] . Because the ACSC library contains only sources that address conservation issues and projects, we searched the library by country name rather than the search terms listed above. JSB and a research assistant conducted this search. The research assistant was trained to identify projects in articles that met the search criteria. Following this training, the research assistant provided a summary of each of the projects in articles that were selected for a full review along with her inclusion/exclusion decision. The research assistant noted articles in which she was uncertain of the final decision and referred these to JSB.
Comprehensiveness of the search
We cannot be certain that this study includes every publication on relevant CBC and CBC-related projects, particularly since the search was conducted only in English. However, we believe our search was thorough, given that we considered 4,290 articles and our current sample of 136 projects is 5 times larger than our sample in 2006 [13] and over twice as large as the sample from 2010 [14] . In fact, our sample is larger than most, if not all, other reviews of community-based resource management (e.g. Gutierrez et al. [23] . While this does not provide evidence that our search captured all relevant projects, the systematic use of search terms means that we have a representative sample. Furthermore, we are certain that our search is replicable and we wanted the search to match, as much as possible, those from the previous reviews upon which we were building. That said, the concepts and terminology related to CBC are constantly changing, so we would welcome readers to add to our search terms and search in other languages in subsequent studies. Search terms that future researchers should consider are "payment for ecosystem services", "co-management", "indigenous protected areas", and resource specific terms such as "community forestry", "community wildlife management", "community fisheries", and relevant variants of each. Although we captured projects that used these approaches in our search, more may exist. Search terms that are specific to natural resource domains are likely to have captured projects in our sample, (e.g. a study on community forest management is likely to include keywords or text matching our search terms), but this may not always be the case. Figure 1 provides an overview of the process for identifying which projects were accepted in this review. Projects were accepted if they met six criteria:
Study inclusion criteria
1. The study was published in the primary or grey literature but not secondary sources. Where more than one acceptable article referred to the same project, we used the most recent article and used the older article to fill in any missing information. 2. The study had to provide information on a community-based conservation project, defined broadly as any conservation and development project or any community-based project in which conservation was the primary aim. We define projects as purposeful interventions (either externally initiated or internally initiated) that operate under unique institutional guidelines and have conservation goals. For instance, many interventions in Zimbabwe fall under the CAMPFIRE initiative and are thus considered to be the same general "project" (see criteria 1). The projects in this study vary in size and geographic scope, however, they all aim to directly produce changes in natural resource management by engaging with one or more communities. Each project in this study has separate project management. Thus, our pool may consist of Integrated Conservation and Development (ICD) projects, eco-tourism projects, National Park outreach projects that aim to incorporate communities in conservation planning and practice, extractive reserves, and general community-based natural resource management projects. We did not include interventions designed without conservation goals, such as ecotourism operations set up without explicit conservation aims, or projects reviewing the impact of a protected area on local communities in the absence of a specific project. 3. The subject of the CBC intervention could be any community or group of communities in a developing country (see #5 below). We included any study in which a CBC project was initiated in communities regardless of whether or not there was a protected area adjacent to the community or associated with the project. 4. Different community-based conservation projects aim to deliver multiple and variable goals, but generally are expected to deliver both societal and ecological improvements. Accordingly, for this study we felt it was important for authors to be cognizant of the multiple goals inherent to CBC, and that without multiple measures of success we would lack a more comprehensive understanding of the effectiveness of the project. Therefore, the study of the specific project had to measure at least two of the four outcomes of interest (attitudinal, behavioral, ecological, economic). See section 3.8.2 Outcome variables for a more detailed description of the four outcome measures). 5. The project could not be exclusively located within a most-developed country as determined by 2009 gross national income (GNI) per capita data provided by the World Bank. 6. Finally, sufficient information had to be provided about the project. Projects for which there was missing information for more than 33% of important variables were not included. Projects for which an article provided only an overview or a descriptive explanation of implementation and outcomes were not used.
Decisions about whether to include projects were made jointly by JSB and KAW. Both researchers read articles for projects that qualified for a full review and made a decision about inclusion. If the researchers differed in their decisions, they discussed the case until reaching agreement. A research assistant assisted in evaluating the suitability of projects in the secondary search, but consulted with JSB who made the final decision on inclusion/exclusion.
Unit of analysis
There are three terms that are important to keep in mind in regards to the unit of analysis.
-"project" refers to the distinct CBC intervention that was analyzed and reported on -"article" refers to the publication from which data on the project was extracted -"study" refers to the research described in the article that pertains to the specific project.
Potential effect modifiers and reasons for heterogeneity
To test the aforementioned hypotheses we created a new dataset out of information extracted from the articles in our sample as well as secondary data. We collected information for predictor variables (effect modifiers) in three domains (national context, project design, and community characteristics) and attempted to include all theoretically relevant predictor variables that were feasible to measure given the data available in the articles. The variables in each domain listed below are the same as those listed within the previously stated hypothesis and are described more fully in Table 1 .
Project Design Figure 1 Systematic map of the search and inclusion process.
Study quality assessment
One of our criteria for study inclusion was the quality of the study. Sources for which more than 33% pieces of data were missing were discarded. This metric generally corresponded with articles that the reviewers felt were poorly conducted or presented minimal detail and tenuous conclusions, and therefore served as a filter for project descriptions of particularly low quality. In addition, we assessed the quality of each study with a coding protocol that was based on work by the Cochrane Collaboration (chapters 8 and 13) [79] , but modified to account for the realities of conducting research on CBC. We coded for potential conflicts of interest, how well the methods were conveyed, the general study design category, whether the study used appropriate control cases and accounted for confounding variables, and the type of analysis employed. See Table 3 for a full description of each quality assessment variable. JSB and a research assistant conducted the study quality assessment. Both researchers coded 13 randomly selected projects to test the coding protocol and intercoder reliability. Cohen's kappa values for intercoder reliability ranged from 0.28 to 1. Variables with a kappa value < 0.50 (conflict of interest, study design category, confounds) were discussed by the researchers and changes were made to the coding protocol to increase clarity. Conducting the reliability test after variables were recoded to reduce the number of categories would also have produced higher Cohen's Kappa values indicating higher agreement. JSB coded 51 of the remaining projects, while the research assistant coded 75 of the remaining projects.
We combined measures of quality into an overall score, which was then used to rank projects into three categories. The study quality assessment had a possible range of 0 (highest quality) to 11 (lowest quality). Projects with a score of 0-3 were ranked as high quality, 4-7 as moderate quality, and 8-11 as low quality. We did not use the quality assessment ranking to weight the projects in the analysis because there was little variation in the quality of the projects in our sample. It is also important to reiterate the difficulty of conducting highquality experimental studies with appropriate control cases when investigating CBC projects. We relied on generally low quality studies out of necessity for this study, but this does not mean we can assume they are reliable just because they are more feasible to conduct.
Data extraction
We refined the coding protocols used by Brooks et al. [13] and Waylen et al. [14] and extracted information on a number of variables related to national socio-economic Table 3 Description of variables used in the quality assessment
Variable name Description
Conflict of interest Were any of the authors affiliated with the project described in the study in any way that could result in a conflict of interest (e.g. currently or previously employed by the project, served as an advisor on the project, or funded by the same source)? Coded as 1 (yes or unsure), 0 (no)
Methods description
How well were the methods in the paper reported. Coded as 1 (not very clear (missing information) or not reported) and 0 (very clear)
Study design category
How could the design of the study be characterized? Coded as 4 (case series or cross sectional study), 3 (case control study, cohort study, or historically controlled study), 2 (interrupted time series study), 1 (controlled before-and-after study or nonrandomized control trial) and 0 (randomized control trial). Note only categories 3 and 4 were present in our sample
Controls
Were appropriate control cases included in the study? Coded as 1 (no or partial), and 0 (yes) Confounds Did the study account for and minimize effects associated with potential confounding variables? Coded as 1 (no or partial), 0 The final coding protocol was pre-tested on a sample of projects from Waylen et al. [14] that were discarded from this sample because our search uncovered more recent articles that addressed the same project. The coding occurred in two steps. First, JSB and KAW coded each of the 46 projects identified in the primary search and discussed disagreements to choose the appropriate coding. Then, JSB re-coded all projects from the prior reviews and coded all projects from the secondary (ACSC) search. K.A.W separately coded 47 (52%) of these remaining projects that required a second opinion. In all cases, coders based their decisions only on the information presented in the article.
Inter-coder reliability was assessed for the 47 projects that JSB and KAW coded separately by calculating Cohen's Kappa with the irr package [80] in R version 2.13.0 [81] . Cohen's kappa represents the proportion of agreement after accounting for the level of agreement expected by chance when coding categorical data (Cohen 1960 ) and Cohen's weighted kappa for ordinal data [82, 83] .
Predictors (Effect Modifiers) and outcome variables
We used multiple predictor variables, or effect modifiers, for each of the nine hypotheses. We provide a full description of national-and project-level variables as well as all four outcomes in Table 1 . Where possible, coding of variables matched those of Brooks et al. [13] and Waylen et al. [14] for comparison. Many of the recorded predictor variables relate to social phenomena, which it is difficult to quantify on a numeric scale. Therefore, variables were coded as categorical or ordered categorical variables, with the exception of national-level variables and the number of years the project had been running, for which continuous data were used.
For each country represented in our sample, external sources were used to collect data on national-level characteristics from a variety of external sources. This was necessary because the authors of the studies/ publications included in this review rarely provide information on national governance, Human Development Index, political stability, and income inequality for the countries in which projects were conducted. Data for national level variables were collected from the following sources:
Governance: World Bank (http://info.worldbank.org/ governance/wgi/sc_country.asp#). Scores were taken from the year closest to the date of research.
Rights: Freedom House: (http://www.freedomhouse.org/ report-types/freedom-world). Scores were taken from the year closest to the date of research. HDI: The United Nations Development Programme (http://hdr.undp.org/en/statistics/). Scores were taken from the year closest to the date of research. Gini: World Resources Institute: Inequality coefficients ranked by country from data compiled from 2000-2007. One score was used for each country. Gini inequality coefficient data for the years 2000-2007 are no longer available from the World Resources Institute. However, the source of that compiled can be found at the World Bank (http://data.worldbank.org/indicator/ SI.POV.GINI?page=2).
Outcome variables
Debates about conservation strategies often result from a focus on different outcomes. Some conservationists might emphasize a forest's ability to sequester carbon and provide a home for forest-dwelling peoples [84] , whereas others might have an interest in the ecologically functional populations of species within the ecosystem [85] . As such, authors will disagree over conservation strategies [37] , which, in many cases, illustrates the different perspectives of social versus natural scientists [39] .
Because of these disagreements, and because CBC is based on the idea that multiple interrelated goals must be met to produce long-term conservation success, we included four outcome measures, attitudinal, behavioral, ecological, and economic. We coded each outcome variable according to the criteria below. In each case, coding decisions were based solely on information provided by the authors. Summary statistics for dependent variables can be found in Table 2 .
Attitudinal success: Whether the attitudes of the community-members have changed towards conservation in general, the specific CBC project, and/or the protected area associated with the project.
Behavioral success: Whether levels of resource use, or other behaviors antithetical to conservation that were addressed by the project (e.g. killing nuisance wildlife), have decreased as a result of the project.
Ecological success: Whether the habitat and/or species of interest is in better condition as a result of the project. (e.g. the population size of a species has increased, or a given resource is more abundant).
Economic success: Whether the community has received economic (e.g. income, direct payments) or other development benefits (e.g. roads, schools, hospitals) as a result of the project.
Each dependent variable was coded on a three-level scale (success, limited success, failure). Project evaluations sometimes included multiple indicators for a given outcome variable. As such, outcomes were coded "success" when most indicators showed improvement, and "failure" when most indicators showed no change or decline. We considered "no change" to be a failure because CBC interventions are generally intended to correct a perceived problem. If, after the implementation of the CBC project, there is no change in circumstances for a given outcome, this suggests that the intervention was ineffective. Thus, we feel justified in coding the project as failing for that outcome. Outcomes were coded "limited success" if (a) the author reported conflicting results for multiple measures of an outcome (e.g. community members had positive attitudes towards conservation in general, but negative attitudes towards the nearby National Park), (b) the project benefited some community members but not all (e.g. income increased for 40% of households but did not change for the rest), and (c) success was produced for some communities that were part of the project, but not all (e.g. forest clearance declined in 3 of 5 communities that were a part of the study). Not all projects collected data for each of the four outcomes. As such, the sample size for each outcome ranges from 77 (ecological) to 118 (economic) (see Figure 2 ).
Author questionnaire
Missing information can be problematic for reviews like this because few articles address all of the variables for a given project that are of interest in this study. We attempted to reduce the number of missing values by systematically collecting information from the original authors of each source in our sample. A questionnaire was constructed that was composed of the questions in our coding sheet that we judged as most pertinent and which contained the greatest number of missing values. The corresponding author of each article was contacted via email with a request to complete the questionnaire.
Data synthesis and presentation Bivariate analysis
All analyses were conducted using R statistical computing [81] . Please contact the corresponding author for scripts for each step of the analysis. Bivariate analyses were conducted using two-dimensional contingency tables for categorical predictors and proportional odds logistic regression for continuous predictors. The Goodman-Kruskal gamma statistic was used to summarize the association between predictors and outcomes and as a test statistic for Monte Carlo significance tests (see [13] ). Because of the way the variables were ordered, a gamma value relatively close to 1 was interpreted as evidence in support of our hypotheses. A Monte Carlo p-value was obtained for each test of ordinal association as follows. For an observed table, 10,000 random tables (having the same row and column sums as the observed table) were generated under the null hypothesis of independence of predictor and outcome. These tables were generated with the function r2dtable in R. For each random table, the Goodman-Kruskal gamma statistic was calculated and stored. A one-sided p-value was calculated as the number of random gamma statistics greater than or equal to the observed gamma, divided by 10,000.
Models for each of the five continuous predictor variables and each outcome variable were fit using the proportional odds linear regression polr function in R. P-values were recorded from those models and added to the list of p-values obtained from the contingency tables.
Multiple testing was controlled for by adjusting significance levels for our (29 predictors * 4 outcomes) 116 significance tests using q values [86, 87] to obtain approximate control of the False Discovery Rate (FDR). FDR is defined as the expected proportion of falsepositive tests among tests called significant. The p-values obtained from the contingency tables and the regression models were supplied to the q value software (available at http://www.bioconductor.org/ packages/release/bioc/html/qvalue.html), which calculates q values for the Monte Carlo significance tests. The "smoother" option was used in the q value software and the tuning parameter lambda was allowed to range in [0, 0.90]. Algorithms that take ordered significance levels (p values) from multiple hypothesis tests return a corresponding sequence of q values connected to the FDR for the tests [86] . Approximate control of the FDR is achieved by setting a threshold for the q values; for example, calling the tests having q values ≤0.05 significant implies that, of those tests, only about 5% are expected to be truly null-hypothesis cases.
Multivariate analysis
Proportional odds logistic regression models were fit to determine the best predictors of the four outcomes. The Figure 2 Outcomes of CBC projects from studies that measured at least two outcome measures (success =black, limited success = dark grey, failure = light grey). first step, however, was to modify the dataset in two ways. First, missing values were imputed to avoid possible sources of bias [88] , and because the model-fitting procedure requires the removal of observations in which any of the independent variables is missing, which would have greatly reduced our sample size and constrained our ability to conduct this analysis. Five unique datasets were created using the Multivariate Imputation by Chained Equations MICE function in R. All predictor and outcome variables were used to impute missing values, though missing values in outcomes were not imputed. Second, after imputing missing values we combined variables that were conceptually similar to reduce the number of predictors in the model. The combined variables are depicted in Table 1 . We examined Spearman's nonparametric correlations between predictors for each of the five imputed datasets. Because the Spearman's r-values were relatively low (see Additional file 2: Appendix B), we decided not to drop any variables from the analysis.
To minimize the opposing problems of omitting important variables and over-fitting the model [89, 90] , a reduced model was selected using a forward, stepwise AIC procedure [91] . In forward, stepwise AIC selection, variables are added, one at a time, to a model with no coefficients. The variable that produces the model with the lowest Akaike Information Criterion (AIC) score is selected. In subsequent steps, the remaining variables are added to the model one at a time and the variables already within the model are dropped until the model with the lowest AIC score is found. This process continues until no additions or deletions from the model can further reduce the AIC score [92] .
Some authors have suggested that stepwise regression can lead to biased estimates [93] and have suggested other approaches to model selection [94] . However, we believe stepwise AIC is the best approach because (a) problems associated with model over-fit [90] compel us to select a reduced model with fewer predictors, (b) alternative approaches for model reduction, such as those that penalize coefficients (e.g. Lasso [95] ), are difficult to employ with ordered outcome variables, and (c) it is essential for us to calculate robust standard errors to account for clustering at the country level, which is most straightforward with our approach.
Prior to fitting the models, the parallel slopes assumption that the relationship between all pairs of categories for a variable is the same was tested. The parallel slopes assumption was relaxed and a series of binary logistic regressions was run that included each predictor along with a dummy variable that was created by splitting the dependent variable into two levels (see [96] ; pg 335). The linear predicted values we obtained from these regressions were plotted. If the differences in the values for each of the two levels in the binary regression are approximately equal for each category of the predictor variable, then the parallel slopes assumption has been met.
Most, but not all, of our predictors met the assumption of parallel slopes for the four outcomes. Therefore, partial proportional odds models were fit and forward, stepwise AIC model selection was used. However, the set of variables in the reduced partial proportional odds models was very similar to the set of variables in the reduced standard proportional odds models. The variables were the same for Attitudinal Outcomes, there was one additional variable in the partial proportional odds model for Behavioral Outcomes, and there was one variable that differed between the two models for Economic Outcomes. The first seven selected variables were the same for the two Ecological outcomes models, but diverge after that. Because standard proportional odds models are easier to interpret and because it is easier to calculate robust standard errors from standard models, we only present the results of the standard proportional odds models here.
After the stepAIC algorithm identified the model with the lowest AIC score, this reduced model was then fit using the lrm function, which produced the same coefficients as the polr function. The robcov function was then used to call the output from lrm to calculate robust standard errors for the coefficients. Robust standard errors were calculated to account for the clustering of projects at the country level.
The results from the five imputed datasets were pooled [97] . For cases in which a variable was not in the reduced model for all five imputed datasets, we entered a value of 0 for the estimate and standard error in the model for that imputed dataset. We then averaged the estimates for the three imputed datasets and calculated pooled standard errors [97, 98] . See Additional file 3: Appendix A-D for the full results of the reduced-fit proportional odds logistic regression models and pooled values.
Separation problems [99] emerged for one imputed dataset for the Attitudinal analysis and for all imputed datasets in the Ecological analysis. Complete separation occurs when one level of a predictor is associated with only one outcome value. In our case, separation problems prevented the forward stepwise AIC model selection algorithm from converging on a reduced form model. For instance, none of the projects that were attitudinal failures were cases in which social capital was enhanced. This zero value indicates a nearly deterministic relationship between social capital and attitudinal outcomes. As such, for the fourth imputed dataset, social capital was removed from the set of predictors to allow the model selection algorithm to converge. To account for its removal in this imputed dataset, pooled estimates and standard errors were only calculated for social capital using the model outputs from the remaining four imputed datasets.
The separation problem was more prominent for the analysis of Ecological outcomes because of the smaller sample size. Market access and local institutions were removed from the set of predictors for all imputed datasets. In addition, combinations of resource use, charisma, and economic benefits were removed from the set of predictors for some of the imputed datasets. An investigation of the 2 × 2 tables of each predictor and Ecological outcomes suggests that the only variables for which there is a strong, and potentially deterministic relationship with Ecological outcomes is local institutions. However, because models would not converge with this variable included in the analysis for any of the imputed datasets, we cannot definitively say that local institutions are a significant predictor of ecological outcomes.
Comparison of researcher's coding with authors' responses
To compare our coding to the questionnaire responses of the corresponding authors of the articles in our sample we conduced an intercoder reliability test. We calculated Cohen's kappa for categorical data and Cohen's weighted kappa for ordinal data using the irr package in R [81] .
Results
Review statistics
The primary search began in August 2009 and continued through February 2010. The primary search resulted in 4290 hits. After screening titles and abstracts, 228 articles were selected for full review from the initial search. Google Scholar produced the most hits and articles that were suitable for inclusion in the review based on our a priori criteria (see Table 4 ). JSB compiled a list of countries represented in the sample and began a search of the ACSC online library for CBC articles in the relevant countries with the help of a research assistant. The secondary search of the ACSC digital library could not be conducted until a full list of countries represented in the sample derived from the primary search was created, so it was not completed until April 2010. An additional 188 articles were selected for full review from the specialist review of the ACSC library, which resulted in an additional 28 projects from 25 articles for the analysis.
In total, 74 projects from 68 articles were identified from both searches and these were added to the existing 62 projects carried over from the previous reviews. Overall, our sample includes 136 projects from 123 articles representing 40 countries (see Figure 1 for information about each aspect of the search). A full list of projects included in the sample is provided in Additional file 4: Appendix D. Because of the vast quantity of articles uncovered in our search, we did not keep records of the reasons that individual articles were discarded. However, projects were discarded when the article:
-did not describe a community-based conservation project -described a project already covered by another more recent article (including interventions that fall under the same general policy, e.g. CAMPFIRE or ADMADE). -provided an overview of CBC or of a project with no information on outcomes -examined a project for which conservation was not one of the goals -focused on the planning of a project before it had been carried out -did not provide information on at least two outcomes -was a short comment piece that lacked sufficient information on predictor variables -used data to surmise about the potential effectiveness of an intervention, but did not address actual outcomes
Description of projects
The 136 CBC projects in our sample focus on conservation challenges in managing forests, grasslands, wildlife, and fisheries. This review also covered projects in communities with a variety of livelihood types and subsistence strategies including, among others, subsistence agriculture, hunting and gathering, fishing, pastoralism, wage labor, and various combinations of all of the above. We coded for this information, but did not include it in the analysis because of the frequency of missing values in the sample and because of the number of variables that we were exploring that are considered to be of greater importance. Forty countries were represented in the sample. Forty percent of projects were in least developed countries, 33% were in lower middle income countries, and 27% were in upper middle income countries (see Table 5 ). The number of projects per country ranged from one (16 countries) to 19 (Tanzania) ( Table 6 ). There were five or more projects from Brazil, India, Indonesia, Madagascar, Mexico, Nepal, Philippines, South Africa, and Tanzania. The majority of projects were located in Africa (N=65), followed by Asia/Oceania/Pacific Islands (N=44), and the Americas (N=30).
Study quality assessment
Over 80% [100] of the projects in our sample were considered to be low quality according our modified Cochrane Collaboration scale. The remaining 26 projects were in the moderate category (See Additional file 4: Appendix D for full list of results of quality assessment). The type of study design and analysis employed by the researchers largely determined the quality of the projects, which is to say that other biases and shortcomings contributed less to the low study quality rating. To demonstrate a causal link between a CBC intervention and the four outcomes of interest in this review, a study would have to use an experimental design and control for confounding factors like geographic location, ecosystem type and other environmental characteristics, the socio-economic make-up of the community and baseline conditions. Researchers would either have to conduct longitudinal studies after collecting sufficient baseline data, or replicate communities to have a treatment and control. Given the limited funding, scope and monitoring capacity associated with most CBC projects, taking these approaches is often infeasible.
Some recent studies have used quasi-experimental matching techniques to identify communities similar to the ones in their studies to act as controls. This approach has been used to explore the relationship between protected areas and poverty alleviation/exacerbation (e.g. [101, 102] . In the context of CBC, this study design would allow one to ask how attitudinal, behavioral, ecological, and economic outcomes would have changed over time in the absence of an intervention. Such an approach would give scholars, policy makers, and conservation practitioners greater confidence that a CBC intervention had the effects they were presumed to have. Unfortunately, few if any such studies exist for CBC. We encourage scholars to employ such study designs where at all possible in the future.
We largely viewed the quality assessment as an exercise to illustrate the generally low quality of the studies in our sample relative to the gold standard for experimental design. This analysis was not intended to guide our main statistical analysis and was not used to more strongly weight studies in the moderate risk category. We feel it is important enough to highlight some of the deficiencies in CBC research and some of the more recent study design innovations.
Intecoder reliability tests between researchers
For the intercoder reliability test between coders, Cohen's kappa values ranged from a low of 0.35 (charisma) to a high of 0.91 (protectionism), with a mean value of 0.66 (Table 7) . These results indicate that the level of agreement between coders was fair or better (>0.40) [103] for most of the key predictor variables in the analysis. However, seven of the predictors had poor agreement levels (kappa ≤ 0.40). Four of these predictors were excluded from the analysis. JSB and KAW reviewed the remaining three variables (tenure, local culture, charisma), modified and expanded the coding rules for each, and recoded them according to the new rules. The new level of agreement for each of the four outcome variables was substantial (kappa > 0.65) and averaged kappa = 0.78. 
Narrative synthesis
Readers can find citations for each project included in the study as well as its location, study quality rating, outcomes measured, type of monitoring of outcomes, and outcome type (success, limited success, failure) in Additional file 4: Appendix D. Overall, projects reported more successes than failures across all four domains ( Figure 2 ). The proportion of projects that were considered successful was higher for ecological outcomes than the other three outcomes. The number of projects that provided information on the four outcomes ranged from 79 (ecological) to 121 (economic) with 97 and 102 projects providing information on attitudes and behaviors respectively.
Quantitative synthesis
This section provides a brief synthesis of the main review results. It is organized around the core question that our reviewed addressed as well as the nine hypotheses related to objectives 2 and 3.
Objective 1: Is community-based conservation an effective conservation tool?
There were more reported successes than failures of CBC interventions across all four outcomes. Forty-one percent of projects suggested attitudinal success whereas 24% suggested attitudinal failure. Forty-three percent of projects suggested behavioral success compared to 31% that suggested failure. Fifty-eight percent of projects suggested ecological success compared to 25% that suggested failure and 45% of projects suggested economic success compared to 25% that reported failure. See Figure 2 for a visual depiction and Table 2 for raw data.
An examination of two-way contingency tables using the Goodman-Kruskal gamma statistic and Monte Carlo p-values indicated a positive and significant association between all pairs of outcome variables (Table 8 ). This statistical relationship between all pairs of outcomes indicates a tendency for author's to report successful outcomes in more than one domain.
The amount and type of monitoring was similar to that found in our previous reviews [13, 14] with the majority of projects failing to report on all four outcomes and most relying on qualitative monitoring or author's judgment as opposed to quantitative monitoring of outcomes (see Figure 3) . Twenty-seven projects (19%) measured all four outcomes, 67 projects (48%) measured three outcomes, and 45 projects (32%) measured two outcomes. Eight (30%) of the projects measuring all four outcomes considered all outcomes to be successful and two (7%) considered all outcomes to be failures. Twelve (18%) of the projects measuring three outcomes found each outcome to be successful and eight (12%) found each outcome to be a failure. Thirteen (29%) of the projects measuring two outcomes found them both to be successful, and seven (16%) found them both to be failures. None of the projects quantitatively measured all four outcomes and 59 studies (42%) did not quantitatively monitor any of the four outcomes relying instead on the author's judgment. However, there was no significant relationship between the type of monitoring and success for any of the outcomes (Attitudes, γ = 0.01, p>0.05, Behaviors, γ = 0.17, p>0.05, Ecological γ = −0.04, p>0.05, Economic γ = 0.18, p>0.05), which indicates that qualitative studies and those that use the author's judgment were no more likely to report success or failure than quantitative studies. The bivariate analysis shows that projects in countries with better national-level socioeconomic conditions have greater behavioral and attitudinal success, projects in countries with more equitable distributions of wealth have greater attitudinal success, and projects in countries with better overall governance have greater behavioral success (see Table 9 ). However, the full multivariate model with controls indicates that national context does not play an important predictive role in any domain of project success as the 95% confidence intervals cross zero in all cases (Figure 4a-d) . The bivariate results suggest that project design is important for success. Participation, engagement, project benefits, and human/social capital were particularly crucial, as variables from these clusters were significantly associated with each of the four outcomes ( Table 9 ). The Figure 3 The frequency of type of monitoring for each outcome for studies that measured at least two outcomes: author's judgment (light grey), qualitative (dark grey), quantitative (black).
results of the multivariate analysis (Figure 4a-d) support the bivariate results, in that several distinct aspects of project design are important predictors of success across all four outcomes (95% confidence intervals do not cross zero). Attitudinal success is most likely when the project produces or enhances social capital within communities (PD-Social capital), when the project emerges at the impetus of the community and the community is involved in project establishment and daily management (PDParticipation), and when benefits are equitably distributed without elite capture (PD-Equity). Behavioral success is positively affected by whether the project invests in the capacity of local individuals and institutions (PDCapacity). Ecological success is promoted when the project engages positively with local cultural traditions and governance institutions (PD-Engagement) (see note on interpretation below), invests in the capacity of local individuals and institutions (PD-Capacity), and when the project emerges at the impetus of the community and the community is involved in project establishment and daily management (PD-Participation). Finally, economic success is most likely when the project builds capacity in the local community (PD-Capacity).
Community characteristics
Hypothesis 7: CC1 -Market integration: Success when projects are in communities that are Community characteristics were less likely to be associated with project outcomes than project design variables in the bivariate analysis (Table 9 ). Tenure showed the strongest effect and was associated with three outcomes. There was a similar trend in the multivariate analysis as only three variables were significant predictors and these were restricted to two domains -behavioral and economic (Figure 4a-d) . Supportive cultural beliefs and effective institutions (CC-Local institutions) and smaller population size (CC-Population size) are associated with behavioral success, and strong tenure rights over the primary resources targeted by the project (CC-Tenure) (see note on interpretation below), are associated with economic success. Interestingly, the presence of charismatic leadership was negatively associated with the likelihood of economic success, although the apparent under-reporting of charismatic individuals may explain this result. Only 15% of projects in our sample reported a charismatic individual whereas, 69% of Figure 4 a -4d b . Plots of the pooled coefficients 50% confidence intervals and 95% confidence intervals (X-axis) for variables remaining in the reduced-fit model for each outcome variable as selected by forward, stepwise AIC. Asterisks indicate a significant association with an outcome.
authors responding to our questionnaire reported that a charismatic individual was involved in the project.
Control variables
None of the control variables was significantly associated with the outcomes in the bivariate analysis. However, the length of time the project has been running (CTR-Yrs. running) was significantly and positively associated with economic success in the multivariate analysis a . There were no effects of author discipline or ecoregion status.
Additional effect modifiers
It is often difficult for project evaluations to include all information that may be relevant to this study because of the range of variables over space and time that could conceivably impact CBC projects. These factors might include historical data, ecological data, and socioeconomic and political information from multiple scales and time periods. As a result, there is often missing information from project evaluations in articles. There were several variables that we intended to include in the analysis but were unable to because of a lack of information provided for the projects in our sample. These variables are described at the bottom of Table 1 and include: -ecological variables including average rainfall, elevation, and habitat type(s) -subsistence type(s) in the local community -importance of targeted resource(s) to local peoples -presence/absence of supportive national policies -degree of implementation of national policies related to CBC -type and quality of interaction between communities and government agencies/employees -type of involvement of NGO or other external aid organization -economic heterogeneity in communities
The implications of excluding these effect modifiers from the analysis are discussed below.
Note on interpretation
We presented our results in Figure 4a -d to simplify the process of interpreting proportional odds models, which can be difficult. Categories of variables whose 95% confidence intervals do not cross zero are considered to be significantly associated with outcomes relative to the reference category for that variable, which is not shown in the model output. In proportional odds models, coefficients can be used to compare the odds of a fixed outcome between different values of the predictor. For instance, Participation (high) is a significant predictor of Attitudinal outcomes (Figure 2a) . The significant coefficient for Participation (high) suggests that projects with high levels of participation are more likely to have attitudinal success than projects with no or low levels of participation. In this model, we compare the level of the variable reported in the model output (high) with that of the omitted reference value, which in this case is Participation (no/low).
Readers may be aware that we present Engagement and Tenure as being important variables for Ecological and Economic outcomes, respectively, despite there being no indication of a significant relationship in Figure 4c or d. The reason for this is because of the details of interpreting the effect of categorical variables in proportional odds models.
Models can be set such that variables have different reference categories. In this study, we set the reference category so that the categories that match our hypotheses are visible in the model output (e.g. Participation (high) is expected to be associated with successful outcomes, so Participation (no/low) was set as the reference category). However, we could have set the reference categories differently. Models with different reference categories are algebraically equivalent but can provide different insights into key relationships between categories of a given variable. For instance, Figure 2c shows how the high and moderate levels of Engagement relate to the reference category (no/low) but not to each other. A different parameterization of this model in which Engagement (high) is the reference category allows one to consider the relationship between moderate and high (not shown) and indicates that projects with moderate levels of Engagement are significantly less likely to result in Ecological success than projects with high levels of Engagement. The same is true for our discussion of the relationship between Tenure and Economic success despite no indication of significance in Figure 2d . A different parameterization of this model with Tenure (community) as the reference category indicates that projects in communities with mixed tenure regimes are significantly less likely to result in economic success than projects in communities with community-held tenure rights.
Objective 4: Coding validity
Questionnaires for 54 projects (40%) were returned. Functioning email addresses for twenty authors could not be located and eight authors were unable to complete the survey due to time constraints or an inability to remember the details of a project.
Author's responses were used to fill in missing values for a number of variables including tenure, market access, population size, population heterogeneity, effective local government, supportive local culture, capacity skill, approach to local culture, approach to local government, project impetus, establishment, decision-making, and resource use. Author responses were used most often to replace missing values for effective local government, supportive local culture, approach to local culture, approach to local government, and population heterogeneity. For each of these variables, between 20 and 30 missing values were replaced with the author's response.
The results of the intercoder reliability test to score the level of agreement between our coding and the corresponding authors' responses to the questionnaires can be found in Table 10 . The results suggest that there was a fair or better (>0.40) level of agreement with the corresponding author for half of the variables. Negative kappa values indicate disagreement between researchers and authors. It is important to note that there were high levels of agreement for all four of the outcome variables.
Discussion
Using a considerably larger sample size and suite of predictor variables than our previous reviews, our results both support findings of prior studies and provide new insights into the role of project design, national context, local community characteristics, and outcome synergies. Although we do not find a systematic effect of national level variables on CBC outcomes, we do find some support for the importance of community characteristics, and strong support for success depending on several aspects of project design. Before discussing the wider implications of our results, we start by reviewing potential effect modifiers in this study, and how they may affect interpretation of our results.
Reasons for heterogeneity
While there is evidence that CBC can be an effective conservation tool, it is clearly not always successful. Here we discuss the ways in which particular variables might affect CBC success.
The lack of evidence for significant effects of national level indicators on projects success fails to support our hypotheses (NC1 & NC2), which represent the view that transparent and effective national governance influences project success through various mechanisms. These mechanisms might include enhanced trust as well as conditions that facilitate valuing future returns from resources more highly among its citizens. This result also runs counter to the finding from the only other quantitative study of national indicators, that HDI is important for successful fisheries co-management [23] .
Conversely, project design variables were important for successful CBC outcomes. In fact, three of the four project design hypotheses (H-PD1, -PD-3, and -PD4) were supported to some degree, consistent with previous reviews emphasizing the importance of (a) building local institutional capacity [16] and training and skills development [15, 22] , (b) equitable distribution of benefits including avoidance of elite capture [16, 104] , (c) engagement with local institutions and cultural beliefs and traditions [14, 105, 106] , (d) the provision of social capital and other intangible social benefits [15, 16, 23] , and (e) participation in rule making and day-to-day decisionmaking associated with the project [16, 19, 77] . In our study, capacity building was a significant predictor of all but attitudinal outcomes indicating that it may be a particularly important component of project design. In addition to the straight-forward skills that may be necessary to maintain the project, Baland and Abraham [46] argue that capacity building may also help combat elite [89] . Negative values close to zero indicate that the disagreement between researchers and authors was likely due to chance, while larger negative values suggest that researchers and authors had a different perception of how to code for that variable. Note that not all variables were included in the questionnaire for authors.
capture by ensuring that project finances are not simply funneled to a handful of local leaders. Several examples from projects included in our review illustrate the importance of these project design variables. For instance, in a project in Yunnan, China, community members were trained to monitor resources [107] . Through this process the community gained an awareness of broader forest management needs beyond timber and drafted their own rules for sustainable harvesting of forest products. A project in Tanzania had similar results in that participatory monitoring efforts led to reductions in wildlife traps found in local forests and general improvements in forest quality [108] . Additionally, evidence from a project in Costa Rica suggests that providing opportunities for community learning was an important component of successful and sustainable sea turtle egg-harvesting [109] .
Finally, although not considered a feature of project design in our study, we found (unlike previous reviews [20, 55] ) that projects that have been established for a longer period of time are more likely to have economic success than more recently initiated projects. This result provides evidence that development opportunities and income generation may not emerge quickly and that CBC projects may require time before measureable economic success is achieved.
On the other hand, community characteristics were less important for CBC success than were project design variables. Only two hypotheses in this domain -H-CC2 and, to a lesser extent H-CC3 -were supported. Strong tenure rights were related to economic success and both population size and local culture and institutions affected behavioral success. This does not mean that community characteristics are unimportant. In fact, many reviews point to aspects of local context that are thought to be key to securing successful outcomes, such as a supportive local belief system [15, 20] and well defined property rights and local tenure regimes [15, 19, 22] . In addition, we want to reiterate that the local institutions variable could not be included in the multivariate analysis for ecological outcomes (see the paragraph on separation problems in Section 3.9.2 Multivariate analysis). This issue leaves open the question of whether supportive local cultures and effective local institutions are important for ecological success.
Among the cases in our sample, there are several examples of the importance of local context. Scanlon and Kull [110] note that cultural pride and a shared sense of belonging (as well as the provision of economic benefits) were important for attitudinal and behavioral success in a community conservancy in Namibia. Further, Bajracharya et al. [111] note that a history and culture of cooperation in addition to strong traditional management institutions (Ban Samiti) were crucial for the behavioral and ecological success of the Annapurna Conservation Area in Nepal. Finally, secure sea tenure provided an important foundation for the success of a marine protected area in the Solomon Islands [112] . These anecdotes provide examples of some of the ways in which local cultural contexts can affect project success. Local contexts might relate to lower rates of discounting the value of future resource availability, make communities responsible for broader environmental impacts (externalities), motivate sustainable resource use, increase accountability, and/or increase the salience of trust, reciprocity, and social norms [48, 58] . However, our findings again suggest that well-designed projects can, in many instances, overcome unfavorable features of the local cultural and institutional context.
Several variables that we expected to be significantly associated with project success were not. In the realm of community characteristics, we found no evidence that market access was positively or negatively associated with any measure of success. This is important because some individual studies and reviews show positive associations between project outcomes and some measures of market integration [13, 21, 23] , while others find that market integration can lead to greater resource extraction and ecological degradation [44, 77, 100, 113] . The lack of a significant association between market integration and any of the outcome variables may be attributable to two factors. First, we found coding for market integration to be problematic due to the limited information often presented in the project evaluations we coded. Authors of several previous reviews have also noted similar difficulties in adequately extracting measures of market integration [19, 78] . Second, it is likely that market effects are contingent on any number of other variables including the nature of the resources in question, the size and make-up of the community, and the type of market. These aspects of market integration deserve closer quantitative examination.
Local ecological conditions are also mentioned frequently in the literature [15, 16, 21, 77] , but had no discernable impact in our study. Few articles in our sample provided detailed information about ecological characteristics so it is not entirely surprising that our coarse measure of ecoregion status was not associated with project outcomes. Future research could benefit from including measures of habitat types, elevation, rainfall and other ecological characteristics from outside sources.
In addition, there are several variables for which we attempted to collect information but that we omitted from the analysis because of insufficient information in the projects in our sample. These variables could have affected our results in a number of ways. For instance:
-Local ecological conditions like rainfall, elevation or predominant habitat type could affect the abundance and spatial heterogeneity of valuable resources in any given year or set of years, which may not be captured in short-term project evaluations. Such variation could influence the ecological outcomes that are reported at a given point in time. -Historical inter-community and intra-community dynamics may affect levels of trust and cooperation as well as resource use patterns in ways that may not be visible to researchers. -Projects related to resources that are fundamental for subsistence may resonate more strongly in communities and thus result in greater community participation in all stages of the project than those related to resources that create a fundamental hardship for local peoples (e.g. land for agriculture vs. crop damage from wildlife). That is, levels of local participation may be higher for projects targeting resources that have a particular level of importance to a community. -The implementation of national policies related to CBC can differ greatly between nations [5, 6] making it difficult to ascertain how important national policies actually are for CBC outcomes. -The degree and type of involvement of local or international NGOs and/or multilateral aid organizations could conceivably affect project outcomes. Such organizations may provide funding, consultation, or any number of other services and the nature of the organization (local, international, conservation-focused, developmentfocused, etc.) could influence the way a project is designed and implemented and how long funding is provided and for what activities. Similarly, one reviewer suggested that consideration be given to overlap in funders in the event that major funding organizations may influence the ways in which projects are designed and implemented. Unfortunately, many projects have multiple sources of funding making it difficult to discern how much funding came from a given source, not to mention how much influence such funding would have allowed. That said, future research could consider the potential that projects funded by the same agency or organization are designed and implemented in similar ways.
In short, there is the potential that additional factors could directly affect outcomes or mediate the effect of particular predictors on outcomes.
Review limitations and potential biases
The review was somewhat limited by the omitted variables noted above, although this was unavoidable since it depended on the information presented in the articles we reviewed. A larger set of search terms (e.g. community forest management, community forestry, community fisheries, community wildlife management, payment for ecosystem services, co-management) might have also increased the sample size. Given (a) the number of variables identified through theory, modeling, and empirical studies that potentially influence CBC outcomes, and (b) the multiple scales at which those variables operate (household, community, region, nation), a larger sample could help further tease out key relationships between predictors and outcomes and aid in examining the role of national socio-economic and political contexts.
This shortcoming is partially offset by fact that the current sample is nearly five times larger than that from Brooks et al. [13] , and over twice as a large as that use in the analysis by Waylen et al. [14] . Further, it is unlikely that there would be any systematic bias as a result of the terms that we did or did not use in the search.
The generally short time frame of many of the projects in our sample (an average of 7.7 years from the initiation of the project to the date research was conducted) may limit our ability to determine whether certain successful outcomes might presage other types of success in the future. For instance, while resource use may be considered to be economically beneficial at the time the data were collected, we have no evidence that the harvest of that resource is sustainable over the long term. Similarly, the relatively short time frame also precludes us from fully understanding the nature of synergies and tradeoffs.
As for any review there is the potential for publication bias, in which authors fail to publish or report on projects that have not produced successful outcomes. However, given (a) the controversy and debates that highlight multiple perspectives on CBC and suggest that there is as much interest in documenting failure as documenting success, (b) the fact that 26% [103] of all outcomes were reported as failures, and (c) the absence of a relationship between author discipline and any of the four outcomes that would indicate a disciplinary bias in reporting results, we feel that publication bias presents a minimal problem for this analysis.
It is also important to note that the 136 CBC projects in our analysis may not represent a random sample of CBC projects because information on all existing CBC projects is not available. It would be impossible to obtain a true random sample of projects because of the absence of documentation and reporting on all CBC projects. However, because we selected cases without knowledge of the outcomes, we believe it is appropriate to generalize the findings beyond this sample.
Additional biases may include, [1] bias arising due to poor study designs, [2] author bias/conflict of interest, and [3] bias in how interventions are described and which aspects are reported. It is impossible to eliminate or even identify all these sources of bias, though it is important to be cognizant of them.
Review conclusions
Implications for policy and management Our primary objective was to examine whether and to what extent CBC interventions can be effective tools for conservation. Because CBC is inherently intended to address multiple, interrelated goals, we included four measures of success in our analysis. Our results indicate that CBC can be an effective tool as we found that there were more instances of success than failure for all four outcome measures and that this was especially true for ecological outcomes. However, we note that the number of failures is still large and the presence of a number of "limited success" results suggests that one should not be too optimistic about the likelihood of CBC success in all cases.
It is important to note that some caution is needed in fully interpreting our results. First, reported outcomes are sometimes based on a narrow set of measures and come from studies of varying quality. For instance, economic success could be a function of increased income through the sale of goods and/or access to wage labor, construction of a basic health center or school, improved access to subsistence resources, or other factors. Authors may only report on a subset of these benefits and benefits from some activities could accrue more slowly than others. The same problem could hold true for all of the outcome measures. Second, we determined that many of the studies that make up our sample are not of high quality relative to controlled laboratory studies. However, we recognize that a host of obstacles exist that often prevent researchers from conducting studies of higher quality including time and funding limitations, the absence of true control communities, and the difficult logistics of working in multiple communities often in remote places.
Finally, it is important note that outcomes can change over time. For instance, ecological and economic success may not persist if harvest rates become unsustainable or market fluctuations reduce the value of a resource. Practitioners must pay careful attention to the multiple measures of each outcome that are possible, how these multiple measures change over time, and how these measures might differ among households and communities involved in the project.
In regards to objectives two and three, there are a number of important trends that we would like to highlight from the results of this analysis:
Project design variables appear to be critical and well-designed projects may be able to overcome national-level and community-level circumstances that might otherwise inhibit project success The aspects of project design that are most important are capacity building (skills and institutional capacity), equitable distribution of resources (including avoidance of elite capture), creating or enhancing social capital, engaging with local cultural traditions, institutions, and leaders, and ensuring local participation in project initiation, design, and or daily management Community characteristics were significantly associated with some outcomes, though this wasn't as critical a domain as project design. The key community characteristics were supportive and effective local cultural institutions, low population size, and locally held tenure. Our results suggest that working closely with local communities within the confines of their traditions and institutions, preparing and training communities with relevant skills and organization, emphasizing non-tangible, non-economic benefits, and ensuring equitable benefit distribution are all more important than the types of benefits communities receive and their degree of access to resources.
The key result for objective two is that national context variables were not important predictors of project success. The significant associations between nationallevel predictors and outcomes in the bivariate analysis disappeared when national context, project design, and community characteristics were considered together in the multivariate analysis.
Because countries were not equally represented by projects, and because there remains the potential that national-level indicators that were not included in this study may be important, we do not conclude that higher-level institutions do not matter. Rather, we suggest that well designed projects can be successful even in national contexts that are not typically viewed as conducive to success (such as low HDI, rampant corruption, unstable governments or poor regulatory quality). This result is encouraging because conservation practitioners typically cannot change national development progress, governance, or political rights and freedoms, and it suggests that conservation projects can succeed in challenging socio-economic and political contexts.
The key finding for objective three is that project design variables were important predictors of success for all outcomes. Our results show the importance of design features that include emphasis on community participation, capacity building, and equitable distribution of economic benefits. In short, well-designed projects with many of these facets can help overcome pre-existing obstacles of society and setting. In contrast to project design variables, there is considerably less evidence for consistent effects of local community characteristics on project outcomes, although local tenure was associated with economic success and small populations and supportive local culture and institutions were associated with behavioral success.
Our results largely support those of previous systematic reviews of CBC [13, 14] . However, we recognize that groupings of low quality studies have a higher likelihood of systematic bias and, as such, that both our review and the two previous reviews may be affected by such bias. Because of this concern, we think it is important to note that our results also in many ways match those of additional reviews and empirical studies that have examined fisheries co-management [23] , integrated conservation and development projects [15, 22, 114] community forest management [16, 19, 21, 77, 78] and payment for ecosystem services [115] . In addition, our results also support several of our theoretically grounded hypotheses. These factors give us some degree of confidence in the variables that we have identified as key factors associated with successful outcomes of CBC projects. Taken together, our review along with other reviews, empirical studies and theoretical papers suggest that projects that balance economic incentives, community empowerment, and secure rights can succeed [116] .
We conclude that conservation practitioners and policy makers should not avoid implementing projects in places where national, or local, socio-economic and political conditions are not thought to be suitable for conservation success; in fact these may be places where conservation efforts are most needed. Rather, we suggest that CBC projects conducted in such 'inhospitable' contexts must pay particular attention to quality project design that emphasizes capacity building, participation, the importance of social capital, and engagement with local traditions and institutions.
Implications for research CBC research
This review highlights six key issues pertinent to future research on CBC.
Integrating thorough and systematic monitoring into project design
First, we would like to emphasize the need for more thorough and systematic monitoring of CBC projects. This statement echoes the conclusions reached in previous systematic reviews [13, 14] as well as by other scholars [29, 117] . This systematic review was, to some degree, constrained by the lack of standardized reporting of key independent variables and outcomes. As noted above, only 19% of projects in this review monitored all four outcomes, and no study monitored all four outcomes quantitatively. Further, the rate of quantitative monitoring was below 50% for each of the outcomes. This is not to say that qualitative monitoring cannot be useful. Indeed, qualitative data collected in well-designed projects can provide critical insights, particularly into complex social issues. For instance, our results indicate the importance of project design features like participation, capacity building, and strengthening social capital, but do not tell us how precisely to implement such features. That said, we view quantitative approaches as critical for testing hypotheses derived from nuanced qualitative work (e.g. 6, 8, 24) , and conducting the systematic comparisons that are indispensable for guiding a broader understanding of the challenges and opportunities of CBC.
Of course, there are financial and temporal constraints on projects that preclude more thorough monitoring of outcomes. That said, given the tremendous amount of money directed to CBC projects, and the repeated calls for more, and better, monitoring of outcomes, it is surprising that the quality and amount of monitoring has improved little since the reviews we conducted in 2006 and 2010.
Exploring multiple measures of success
We also emphasize the importance of including multiple measures of success. Rigorously collected data that address only one or two measures of success have limited analytical value because CBC projects almost inevitably have ecological, economic, and social consequences. Without measures of success that span these distinct dimensions, the overall effectiveness of CBC will be difficult to determine. Without a more statistically powerful study that includes ecological, economic, attitudinal, behavioral, and/or additional outcomes of interest, conservationists face a situation in which a given project is judged a success by an economist based on increased income for local inhabitants and a failure by an ecologist and an anthropologist based on, respectively, a critical population decline for an important species and negative community attitudes towards conservation efforts. Insofar as the CBC paradigm is based on the assumption that human and ecological well-being are inextricably linked, proper support for this paradigm will need to demonstrate empirically such an interdependence of measures of success. In fact, a larger sample of projects reporting rigorously collected and analyzed data from well-designed studies would help immensely with the logical extension of the current study. While we have investigated which factors are associated with each of four outcomes, we have, thus far, been unable to answer the question of which factors are associated with particular patterns of synergies and tradeoffs among the four outcomes. We strongly encourage researchers to pursue these questions in future studies.
Addressing the multiple indicators of success or failure for each outcome
The third issue, which relates to the limited amount of outcome monitoring and quality of reporting, is the issue of what is monitored and reported for outcome variables. For each outcome, a multitude of indicators could be monitored that might provide conflicting information. For instance, in the context of attitudinal outcomes, community members could express positive attitudes towards conservation in general, but negative attitudes towards a national park or CBC project. For behavioral outcomes, community members might reduce their harvest of fuelwood because of the intervention but maintain or increase their encroachment into a protected area to collect other non-timber forest products. For ecological outcomes, the population of one species could have increased as the result of a project, but habitat degradation due to a secondary threat could continue to negatively affect other species. In the context of economic outcomes, a project might build a community school, but also reduce access to critical subsistence resources, which can negatively affect household income. In each case, measuring one aspect of an outcome domain would give only partial insight into the effects of the project. The number of, and variability in, potential indicators highlights the importance of the project having clear goals and of the article's authors clearly stating, to the best of their knowledge, those goals in the text. Primary researchers and evaluation teams need to be clear about the specific problem that the project is designed to address and the goals of the project in each of the four outcome areas.
Greater attention to standardizing relevant predictors
The fourth issue relates to which predictor variables are measured. The CBC literature is dominated by case studies that do not follow standardized guidelines for the type, quality, and amount of data that are collected. These problems are, in part, due to the interdisciplinary nature of CBC. Researchers from disciplinary perspectives ranging from ecology to political science to anthropology to human geography have an interest in CBC. With each disciplinary perspective comes a unique set of questions, theoretical backgrounds, and methodological toolkits that inevitably produce different kinds of data for different predictors. This diversity makes it difficult to compare interventions in diverse contexts because there are inevitably gaps in the information that is presented in any given publication.
There are efforts to remedy the lack of standardized data collection and reporting [118, 119] , although even these attempts have produced disagreements about which variables are most critical and how best to collect and organize data related to the inputs, design, and contexts that affect CBC outcomes. Further, while standardization will help with problems of what is reported, it will be of less help in improving study designs.
Exploring non-local influences of CBC
This study found little evidence for systematic effects of national level variables on project outcomes when other factors are also considered. However, this finding may be influenced by the variables chosen to represent effects at this level, or the possibility that national level variables interact with, or mediate, other influences with less direct effect. Furthermore, an institutional perspective suggests that there is no easy dichotomy between 'local' and 'national'. Depending on context, it is entirely likely that a range of other factors (e.g. at the regional level) may also play an effect. We suggest a fruitful and useful area for future research is disentangling whether and how influences at different scales affect outcomes of CBC projects.
Improving the quality of reporting
The final and most general issue is the quality of the studies conducted on CBC projects. As noted above, many studies of CBC projects fail to use appropriate control cases or to consider potentially important confounding variables, such as baseline socio-economic conditions, geographic location, or ecological conditions and variation. Although in-depth, qualitative case studies can be valuable, many such studies do not account for the variety of variables that might otherwise make them ideal examples of robust qualitative research. We, therefore, believe that high priority should be given to longitudinal rather than cross-sectional studies of CBC projects wherever funding and manpower allows as well as to studies that employ quasi-experimental designs in cases where "control" communities can be identified. Such approaches address the problems of endogeneity (such as CBC projects being set up in already troubled areas) and the lack of counterfactuals (assuming that changes in outcomes would not have happened in the absence of the intervention).
In addition to these broader implications for conducting CBC research we also have recommendations for future systematic reviews of CBC or related literatures that have emerged from this project.
Practical constraints and feasibility of extensive coding protocols
Both coders recognized the cognitive limitations of trying to code for 65 pieces of information in project reports and articles. While it is important to collect as much information from articles as possible, particularly for a topic as complex and interdisciplinary as CBC, there are diminishing returns to adding extra variables to a coding protocol. It is cognitively taxing to keep 65 pieces of information in mind while reading and coding for project information. We recommend that future reviews note the variables for which we were unable to collect adequate information as well as variables that were not significantly associated with any of the four outcomes in the bivariate or multivariate analyses. By excluding some of these variables, coders can focus their attention on more important factors.
2. Supplementing data from the sources' authors can be challenging but may be beneficial
The author's survey was beneficial for reducing the amount of missing information in our dataset, thus limiting the amount of imputed data. There were, however, some difficulties in the process of collecting author responses. We sought to minimize the survey length to avoid respondent fatigue and the potential for nonresponse. In doing so, we kept the directions and explanation for each question (which were distilled descriptions of our coding protocol) compact. We pretested the questionnaire with scholars who were both familiar and unfamiliar with CBC to make sure our instructions were clear. However, some respondents requested more detailed explanations of the variables about which we were inquiring as well as explanations of the distinctions between the response levels offered. While balancing survey length with survey clarity is always difficult, in hindsight it may have been better to reduce the number of questions and increase the explanation of the variable and response levels to ensure that respondents were interpreting variables as we had intended.
Some authors also commented on the difficulty of distilling a complex topic like land tenure into a three or four-level categorical variable. We felt it was important to match the response options provided to the authors as closely as possible to the ones used in our coding for the sake of minimizing our interpretation of author's responses and descriptions of the local conditions in the areas where they worked. If we had not, our interpretation of the author's responses would have been no different from our interpretation of the information presented in their publications. Nevertheless, it may be necessary to highlight this goal in future research so that authors understand our need for their informed distillation of the concept into a categorical response.
While our coding matched authors' responses to the questionnaire in some cases, it differed in others. There are numerous explanations for deviation between researchers and authors. The researchers had extensive discussions about the coding protocol, tested it on a sample projects, and revised it based on an inter-coder reliability test. The authors did not have the benefit of this process. As such, the authors and researchers could have had different interpretations and understandings of a question. In fact, in several cases the authors provided information in open-ended comments that made it clear that their selection from the categories provided did not match how the researchers would have coded that variable. Future efforts may benefit from greater care in crafting questions for author responses.
Similarly, the researchers became familiar with the different categories and arrived at a common classification scheme to differentiate between those categories (e.g. the difference between "moderate" and "high" levels of market access). Without such interactions, it is conceivable that the author's perceptions of the differences between categories differed from those of the researchers, despite efforts to clarify those differences within the questionnaire.
Finally, there is a discrepancy between the information available to the researchers and the information that can be drawn upon by the authors. While the researchers limited themselves to the information about a project presented in the articles, the authors were able to draw on their full experience with the project. In fact, many authors commented within the survey that there was more to the project than they were able to present in the associated article.
We do think that the questionnaire was adequate for the limited purpose of filling in missing values in the database. With modification, in the future this approach may be a more useful tool for more fully assessing the validity of coding projects derived from a variety of research methods and analytical techniques and written by authors from diverse disciplinary backgrounds.
Exploring interactions between key predictors to generate more detailed hypotheses
In this study, we lacked the data to explore the ways in which variables within the same domain and variables from different domains may interact to affect conservation outcomes. It is possible, and even likely, that some of the effects we observed are dependent upon, or mediated by the effects of other predictors. For instance, the effectiveness of local institutions (a part of the Engagement variable, which was significantly related to behavioral success) may be related to the size of the population or sociocultural or economic heterogeneity in the community [32] . One could also imagine that equitable distribution of benefits may be a function of the degree of participation in project design and implementation. We believe that a crucial next step is to explore these, and other, potential interactions among variables. Qualitative case study analyses can assist with this, but more and better data are required before such a step can be taken using a quantitative comparative approach.
General conclusion
This systematic review provided further evidence that CBC can be an effective conservation tool, particularly when studies are well designed and initiated in favorable local contexts. This study aimed to be the first systematic review to explore the effect of national-level variables on the outcomes of CBC projects. Using multivariate analysis we find little support for the prediction that the measured national-level variables would be associated with CBC project outcomes. There were, however, some significant effects in bivariate studies, and these associations warrant further research. In future studies, it will be important to use meaningful measures of a range of outcome-types. Our other results broadly confirm the patterns of association between predictors and project outcomes that have been reported by some previous systematic reviews, as well as more generally in the conservation literature. The multivariate results provide strong indication that well-design projects may be able to overcome challenges imposed by national contexts (e.g. low human development, or rampant corruption) as well as local contexts (e.g. ineffective institutions or unsupportive cultural traditions). This is surely heartening to conservation policy and practitioners. However, understanding more about how factors from multiple scales affect project success, and thus improving conservation practice, is dependent on evidence. As such, improving the quantity and quality conservation monitoring and reporting is still a priority.
